In this paper, -lactoglobulin (-Lg) and sodium caseinate (SC) have been 27 glycated via Maillard reaction with galactose and lactose and, subsequently, the effect 28 of glycoconjugates hydrolyzed under simulated gastrointestinal digestion on the growth 29 of pure culture of Lactobacillus, Streptococcus and Bifidobacterium has been 30 investigated. Glycopeptides were added to the growth media as the sole carbon source. 31
Introduction 51
Nowadays, it is possible to dispose of products which afford not only the basic 52 nutritional value but also a wide range of benefits that can contribute to improve 53 consumer well-being. In this respect, due to the fact that severe health disorders can be 54 related to the gastrointestinal function, some of the functional ingredients more 55 demanded by consumers are those with a positive effect on gut microbiota (Saaraela et 56 al., 2002) . These ingredients are non-digestible carbohydrates with well-known 57 properties, being lactulose (Tuohy et al., 2002) , tagatose (Laerke and Jensen, 1999; 58 Laerke et al., 2000; Jensen et al., 2001) , fructooligosaccharides (FOS) and 59 galactooligosaccharides (GOS) (MacFarlane et al., 2008) some of the main 60 oligosaccharides considered as prebiotics. 61
On the other hand, deliberated glycosylation via the Maillard reaction (MR) or 62 glycation has been largely investigated during the last years as a promising approach to 63 alter the functional properties of proteins for food purposes (Oliver et al., 2006a) . 64
Concretely, it has been demonstrated that milk proteins (caseins and whey proteins), 65 usually obtained as by-products in the dairy industry, can increase their degree of 66 applicability by means of glycation. Thus, controlling the reaction conditions it is 67 possible to obtain neoglycoconjugates with different glycation and aggregation degrees, 68 being preferred, in general, the early steps of the reaction (Jimenez-Castaño et al., 69 2005a , 2005b Kato, 2002; Oliver et al., 2006a) . Particularly interesting could be the 70 case of the conjugation of milk proteins with galactose and lactose, which are 71 isomerised to tagatose and lactulose, respectively, giving rise to the corresponding 72
Amadori compounds, tagatosyl-and lactulosyl-lysine. Taking into account the prebiotic 73
properties of tagatose and lactulose, it could be expectable some effect of these 74 glycoconjugates on gut microbiota. 75 the Maillard reaction after incubation of every combination of carbohydrate and protein 151 under conditions indicated above (Table 1) 
In vitro gastrointestinal digestion 161
All SC and -Lg glycoconjugates, as well as the control heated SC/β-Lg samples 162 were digested in vitro by following the simplified procedure described by Moreno et al. 163 (2005) . This digestion model was based on in vivo data obtained by gastric and 164 duodenal aspiration and from collection of effluent from ileostomy volunteers at the 165
Institute of Food Research (Norwich, UK). 166
For the gastric digestion step, glycoconjugates (3 mg) were dissolved in 1 mL of 167 simulated gastric fluid (SGF, 0.15 M NaCl, pH 2.5). The pH was adjusted to 2.5 with 1 168 M HCl if necessary. A solution of 0.32% (w:v) porcine pepsin (EC 3.4.23.1) in SGF 169 (pH 2.5) (Sigma, activity of 3,300 units/mg of protein) was added at an approximately 170 physiological ratio of enzyme to substrate (1:20, w:w). The digestion was performed at 171 37 °C for 2 h. For the intestinal digestion step, the pH was increased to 7.5 with 40 mM 172 NH 4 CO 3 (Panreac, Barcelona, Spain) dropwise to inactivate pepsin, and the following 173 was added to adjust the pH to 6.5 and simulate a duodenal environment: (i) a bile salt 174 mixture containing equimolar quantities (0.125 M) of sodium taurocholate (Sigma) and 175 glycodeoxycholic acid (Sigma), (ii) 1 M CaCl 2 (Panreac), and (iii) 0.25 M Bis-Tris (pH 176 6.5) (Sigma). Solutions of porcine trypsin (EC 3.4.21.4; 0.05%, w:v, Sigma, 177 activity of 14,300 units/mg of protein) and bovine -chymotrypsin (EC 3.4.21.1; 0.1%, 178 w:v, Sigma, type I-S, activity of 62 units/mg of protein) in water were prepared and 179
added at approximately physiological protein:trypsin:chymotrypsin ratios 180
[1:(1/400):(1/100) (w:w:w)]. Simulated intestinal digestion of -Lg was carried out at 181 37 °C for 15 min. After protein hydrolysis, trypsin and chymotrypsin were inactivated 182 by heating at 80 ºC for 5 min. Digestions were performed without any derivatization of 183 the sulfhydryl groups of cysteine residues in order to remain as close as possible to 184 physiological conditions. 185 186
Analysis of digested samples 187
Analysis of digested samples was carried out using a Beckman HPLC system 188 equipped with a Phenomenex Jupiter Proteo column (250 mm × 4.6 mm, 4 mm particle 189 size, 90 Å pore size). Samples were eluted using 0.1% (v/v) TFA in double-distilled 190 water as solvent A and 0.1% (v/v) TFA in double-distilled water and acetonitrile of 191 HPLC grade (Scharlau Chemie, Barcelona, Spain) (1:9, v/v) as solvent B, following the 192 method described by Moreno et al. (2004). 193 For SDS-PAGE analysis, 32.5 mL of the samples taken at different stages of the 194 digestion were added to 12.5 mL of 4× NuPAGE ® LDS Sample buffer (Invitrogen, CA, 195 USA) and 5 mL of 0.5 M dithiothreitol (DTT, Sigma-Aldrich) 
243
To simulate the physiological conditions, glycoconjugates were subjected to an in 244 vitro gastrointestinal digestion process consisting of a first stage of gastric digestion 245 with pepsin for 2 h at 37 ºC and a second stage of duodenal digestion with 246 trypsin/chymotrypsin for 15 min at 37 ºC; then, the digested glycoconjugates were 247 analysed by SDS-PAGE. As observed in Figure 1 In contrast, -lactoglobulin presents a high structural stability at acid pH, having its 266 peptic cleavage sites (hydrophobic or aromatic amino acid side chains) buried inside its 267 characteristic -barrel structure, forming a strong hydrophobic core and preventing 268 hydrolysis (Dalgalarrondo et al., 1995; Reddy et al., 1988) . Thus, as observed in the 269 chromatographic profiles shown in In order to relate the bacterial growth to substrate utilization, we calculated the 289 maxima growth rates ( max ) for each of the samples studied. These values and lag times 290 (lag) are shown in Table 2 . Likewise, the corresponding values of maximum DO 600 are 291 also shown in Table 3 . 292 L. casei LC-01 was able to grow in all the tested substrates, reaching a  max of 293 0.142 h -1 with Lu as carbon source (Table 2) , this being similar to that achieved with 294
Glu and Tag. When L. casei LC-01 was grown with the conjugate -Lg:Gal [24 h, 40 295 ºC] digested, it achieved cell densities similar to Glu and Tag, with maximum OD 600 of 296 0.9 ( Figure 3 and Table 3 in the Amadori compound tagatosyl-lysine, suggesting that it has a positive effect on the 351 strains studied, which even might be higher than that of Tag. However, other strains 352 should be tested in further studies to confirm these results. In addition, the comparation 353 with other prebiotics could also be interesting. 354
On the other hand, the lower bacterial growth observed with the hydrolysate of 355 galactosylated -Lg at 50 ºC for 48 h could be attributed to its higher aggregation 356 degree, lower digestibility (Figure 1) , and, consequently, the higher difficulty to bacteria 357 to metabolize peptides obtained after its digestion, with a higher size and aggregation 358 degree than those derived from -Lg:Gal While none of the microorganisms assayed was able to grow on digests from 366 native and control heated SC (data not shown), peptides from SC glycoconjugates were 367 fermented in a strain-dependent way by all tested bacterial strain, in some cases even 368 faster and leading to higher cell densities than Glu, and promoting bacterial growth in 369 greater extent than peptides from digested -Lg complexes. This is probably due to the 370 better digestibility of SC glycoconjugates as compared to those of -Lg, which allows 371 the formation of smaller peptides (Laparra et al., 2011) (Tables 2  396 and 3) . These results suggest that the Amadori compound lactulosyl-lysine, derived 397 from SC glycation with Lac, might have a greater beneficial effect than Lu on most of 398 the pure cultures studied. 399
In good agreement with these results, cell densities of anaerobic strains (Table 4) 
Conclusions 414
The effect of digested -Lg glycoconjugates on the growth of the potential 415 probiotic strains assayed was strain-dependent, whereas growth profiles of bacteria 416 when hydrolysates of SC glycoconjugates were used as substrates were very similar, 417 regardless of the strain. Digests of -Lg:Gal conjugates were notably fermented by all 418 lactobacilli and bifidobacteria assayed, but not by streptococci, a higher bacterial 419 growth than with tagatose being appreciated in most of the cases. In addition, such 420 glycoconjugates promoted bacterial growth more efficiently than -Lg:Lac complexes. 421
On the other hand, digests of SC glycated with Gal and Lac favoured in great extent the 422 growth of all the bacterial strains studied, higher cell densities and faster growth with 423 digested glycoconjugates than with tagatose and lactulose as substrates being observed. 424
Regarding to the glycation degree, a higher bacterial growth was generally 425 detected with glycoconjugates at initial stages of the MR, with the highest content in the 426 Amadori compound tagatosyl-or lactulosyl-lysine, than with those at advanced stages 427 of the reaction. 428
Therefore, from the findings described in this work we can infer that conjugation 429 of both milk proteins with galactose and lactose via the Maillard reaction could be an 430 efficient method to obtain novel food ingredients with a potential prebiotic character. To 431 corroborate these results, other probiotic strains should be tested in further studies, 432 comparing, moreover, the effect of Maillard conjugates with that of other prebiotics . Highly glycated and aggregated Corzo-Martínez et al. (2010) 535 536 
